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Irrigating Vegetables 
and Small Fruits 
By 
MARTIN FOGEL 
Extension Irrigation sp·ecialist 
and 
LLOYD C. AYRES 
Extensi'on H orti'culturi'st 
Introduction 
Vegetables and small fruits are grown 
more extensively in South Dakota than 
most people realize. Almost every farm 
has a garden where vegetables and 
small fruits are grown for immediate 
use. In every town and city, gardens of 
varying sizes are found. These home 
gardens produce a large amount of 
wholesome, high nutritional food. 
Market gardening is an important en-
terprise near the larger towns in South 
Dakota. It is a highly specialized busi-
ness, though oftentime it is done on a 
very limited acreage. 
The detrimental effects of prolonged 
dry periods, which have caused com-
plete failure of vegetable and small fruit 
production, have been experienced by 
both the home and market grower. 
When an adequate supply of soil moist-
ure has been maintained throughout the 
growing season, yields of crops have 
been high. 
An irrigation system designed for 
small acreages will prevent crop losses 
due to dry periods. Careful planning for 
irrigation by the gardener will produce 
more vegetables and small fruits for the 
table, for canning, freezing and for the 
market. This bulletin offers suggestions 
in using irrigation for the ( 1) home 
gardener and (2) the market gardener. 
Benefits of Irrigation 
Irrigation is an insurance against loss 
through inadequate rainfall-one of the 
greatest risks confronting the gardener. 
But irrigation is more · than that. In 
many localities and at certain seasons, 
celery, head· lettuce, onions, cauliflower, 
and other drought-sensitive crops may 
be grown successfully only with irriga-
tion. Their culture without the aid of 
3 
irrigation would be futile in most years. 
With irrigation, successive plantings 
of quickly-growing crops, such as 
radishes and spinach, will germinate 
promptly to provide continuous supplies 
for market, and transplanting may pro-
ceed at the appointed time regardless 
of drought. 
4 South Dakota Extension Circular 526 
Table 1. Yields of Irrigated Vegetables Grown Near Redfield. 
Crop Variety Yields Per Acre 
Broccoli 
Cabbage 
Italian Green Sprouting 
Golden Acre 
3.86 tons 
23.06 tons 
14.86tons 
15.00 tons Cauliflower 
Cucumbers 
Lettuce 
Peas 
Early Jersey Wakefield 
Bonanza 
Squash 
Sweet Corn 
Snowball 
Marketer 
Great Lakes 
Little Marvel 
Buttercup 
Seneca Chief 
lechief 
9.06 tons 
16.63 tons 
21.78 tons• 
5.40 tons 
Tomatoes 
Golden Cross Bantam 
Sioux 
-16.29 tons 
23 ,570 ears 
15,052 ears 
15,000 ears 
17.96 tons 
14.92 tons Siouxann 
Improves Nutrition 
More palatable vegetables of finer 
quality which are more nutritious with 
higher contents of calcium, phosphor-
ous and iron, are possible when the soil 
water supply is certain. 
Irrigation often is the means of secur-
ing earlier maturity, more attractive ap::. 
pearance, higher quality, and very re-
markable increases in yields of vege-
tables and small fruits. Because of the 
improved quality and assured produc-
tivity under irrigation, cannery · repre-
sentatives are expressing interest in the 
production of some vegetables in South 
Dakota. 
Drouth Limits Yields 
Lack of water, more often than any 
other cause, is the limiting factor in the 
attainment of maximum potential yields 
as determined by the productivity of the 
soil. 
The results of research conducted 
near Redfield, as shown in Table 1, in-
dicate the high yields of vegetables to 
expect when grown under irrigation. 
In 1954, an experiment at Brookings 
compared the yield of irrigated potatoes 
with dryland potatoes for five varieties. 
The results are shown in Table 2. The 
average dryland yield of potatoes was 
235 bushels per acre while irrigated po-
tatoes produced 407 bushels per acre. 
Experiments have consistently shown 
that tomatoes grown without irrigation 
· are considerably lower in number and 
in yields of marketable fruit than those 
under irrigation. 
Table 3 shows that in experiments 
c~nducted at Brookings, the yields in 
numbers and in pounds of marketable 
tomatoes were doubled by irrigating as 
compared to dry land . . 
To get an idea of what to expect from 
horticultural crops grown for sale under 
irrigated conditions, look at this case: 
At Redfield on April 23, 1953, 4,000 
Golden Acre cabbage seedlings were 
planted 14 inches apart in 36-inch rows 
on one-half acre. The crop was cultivat-
ed three times, hoed once, and sprayed 
three times with chlordane for insect 
control. The spraying was done on May 
6, June 4, and July 1. Harvest started 
June 30. 
Fo.ur hundred pounds were sold at 
6.5 cents per pound delivered to the 
stores. The next group was sold at 6 
cents per pound delivered, and the last 
1,500 pounds were sold at 5.5 cent, 
per pound on the farm to a whole-
sale firm. An estimated total yield of 4 
tons gave a gross return from the one-
half acre of $411. 
In 1954, 1.6 acres produced 671 bush-
els of tomatoes. With the buyers doing 
their own harvesting, a gross of $1,-
006.96 was obtained. 
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Locating the Gard7n 
The home or market garden should 
be located near a water supply. If several 
sources of water are available, the most 
dependable and convenient source 
should be used. 
Soil Characteristics 
A fertile, deep, friable, well-drained 
soil is desirable. 'fhe exact type of soil is 
not so important if it has good drain-
age. 
The garden area should be free from 
low places where water might stand. 
Therefore, the topography of the _ land 
should be considered. If surface irriga-
tion is to be used, it is best to choose a 
uniform slope, rather than either a 
steep slope or an area with rolling top-
ography, which may require heavy level-
ing. When sprinkler irrigation is used, 
the topography is not as important. 
The home garden should be within 
easy reach of the house. A location 
near the house, makes it possible to give 
the garden better care, and it saves time 
for t4e busy housewife. 
Table 2. Dryland a~a Irrigated Yield of U. S. 
Variety 
Grade 1 & 2 Potatoes Grown at 
Brookings, 1954 
Yield Bushels Per Acre 
Dry land Irrigated 
Irish Cobbler ____________________ 17 6 421 
281 
398 
506 
429 
Early Ohio 191 
Kennebec _____________ 264 
La Soda ---------------------------- 343 
Pontiac _ _ _ _ 240 
. Direct Sun Rays 
The garden should receive the direct 
rays of the sun all day long. Since strong 
southerly winds can be expected during 
the growing season, windbreaks such as 
snow fencing, corn cribbing, or hedges 
should be placed on the windward side 
of the garden. Hedges and trees should 
be far enough away to prevent root pene-
tration into the garden area. Trees, even 
though some distance from the garden, 
have roots which will rob crops of mois-
ture and plant food. As a general rule, 
gardens should not be planted any clos-
er than 30 feet to tall trees and a SO-foot 
spacing is better. 
Table 3. Yield of Marketable Tomatoes Under Dryland and Irrigated Conditions at Brookings 
Number of Fruit Pounds of Fruit 
Fertilizer Treatment Dry land Irrigated Dry land Irrigated 
Manure and fertilizer -------------------------------- 857 
Commercial fertilizer ------------------------------------ 766 
Manure ________ _ _________________ -· 859 
1706 
1490 
1413 
201.2 
166.·1 
179.4 
551.6 
530.6 
492 .9 
Water Supply 
The major source of water for irrigat-
ing farm gardens is wells. Other sources 
that are used are streams, ponds, or 
lakes. Wells are the most dependable 
source of water for garden irrigation. 
Streams and ponds may dry up at the 
time water is most needed for the 
garden. 
Not all water is suitable for irrigation. 
Water from any source contains dis-
solved salts which may be harmful to 
plants or soils. To make sure water can 
be used for a garden, it should be tested 
to determine the kind and amount of 
salts it contains. Such a test can be ob-
tained by sending a one-quart sample to 
the Soils Laboratory, College Station, 
South Dakota. 
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Fig. 1. Irrigating strawberries with contour furrows. A wood trough (foreground) 
is used to get water into the furrows. 
Farm Water Systems 
Most farm water systems have 
enough capacity to supply water for 
some garden irrigation. The size of the 
garden that can be adequately irrigated 
will depend on the pump capacity and 
on the number of hours the gardener 
desires to spend in irrigating the area. 
We know that during the period of rap-
id growth, vegetables and small fruits 
can use as much as .25 inches of water a 
day. The irrigation system, then, should 
be large enough to supply these mois-
ture needs in the event a prolonged dry 
spell occurs. It takes a Bo~ of one gal-
lon per minute ( 60 gallons per hour) to 
cover almost 100 square-feet with one 
inch of water for each hour of pumping. 
Using this relationship, Table 4 can b~ 
used to estimate the size of the garden 
that can be irrigated for a given size of 
pump. The table is based on supplying 
the garden with 1 ½ inches of water a 
week. 
As an example, supposing it is de-
sired to irrigate a garden with a 300-gal-
lon per hour pump in five days operat-
ing eight· hours a day. From Table 4, 
this pump, operating 40 hours a week, 
could irrigate 0.30 acres. Since one acre 
equals 43,560 square feet, an area of 
about 130 by 100 feet could be irrigated 
with the-pump on hand. This table can 
also be used to determine if a pump that 
is already installed can adequately irri-
gate c,ln established garden . . 
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Table 4. Size of Garden, in Acres, That Can be Irrigated With a Given Pump 
Size of Pump 
in Gallons Hours of Pumping Per Week 
Per Hour 10 20 30 
200 ----------- .05 .1 0 .15 
300 ------------ .07 .15 .22 
400 ------------ .10 .20 .30 
600 ----------- .15 .30 .45 
800 ----------- .20 .40 .59 
1000 ------------ .25 .50 .74 
1200 -------·---- .30 .59 .89 
1500 --~--------- .37 .74 1.1 1 
1800 --------- -- .45 .89 1.34 
Streams and Ponds 
In pumping from a stream or pond, 
Table 4 can be used to select a pump 
that will irrigate a garden of a known 
size. For instance,' a ½ -acre (200 x 100 
feet) garden is to be irrigated in four 
days. How large a pump would be re-
quired and how many hours a day 
would the pump have to operate ? 
40 50 60 70 80 
.20 .25 .30 .35 .40 
.30 .37 .45 .52 .59 
.40 .50 .59 .69 .79 
.59 .74 .89 1.04 1.19 
.79 .99 1.19 1.39 1.58 
.99 1.24 1.49 1.73 1.98 
1.19 1.49 1.78 2.08 2.38 
1.49 1.86 2.23 2.60 2.97 
1.78 2.23 2.67 3.12 3.56 
From. t~e table, there are several 
choices that can be made. A pump that 
delivers 400 gallons per hour and oper-
ated 50 hours a week could be selected 
to irrigate the half-acre garden. Thus; 
this pump would have to operate 12 ½ 
hours a day for four days. Another 
pump that could be used would be a 
1,000-gallon per hour pump operated 
20 hours a week, or five hours a day. 
Fig. 2. A farm pond supplies water to a garden sprinkler system 
through a tractor mounted pump. 
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When to Irrigate 
The time to irrigate depends largely 
on the moisture content of the soil. The 
best way to determine the time is to dig 
into the soil and check its moisture con-
tent periodically. By obtaining a hand-
ful of soil from a depth of between 6 
and 12 inches, the "feel" test can be 
used to tell when the water should be 
applied. Most crops should be irrigated 
when the plants have used about 50 per 
cent of the available moisture that a soil 
holds in the plants' root zone. There-
fore, if an irrigator can know how a soil _ 
feels when it holds both less than and 
more than one-half of its available mois-
ture, he should know when to irrigate. 
Table 5 can be used for estimating the 
available moisture. content of the soil 
from its feel or appearance. 
Never use the appearance of- the crop 
as an indication of when to irrigate. 
Both the production and quality may 
be reduced after some signs of wilting 
occurs. Use the "feel" test periodically 
throughout the growing season to keep 
a check on the moisture supply in the 
soil. Irrigation should be started in 
enough time to cover the entire garden 
before the crops suffer any set-back. 
How Much Water 
The amount to apply at each irriga-
tion will depend on the water holding 
capacity of the soil in the root zone of 
the crops grown. Each irrigation should 
wet the soil_ down to the depth within 
which most of the plants' roots are 
found. Light irrigations tend to encour-
age a shallow rooting system, and the 
plant does not make full use of the soils' 
available supply of both water and food. 
50 Percent Moisture 
Irrigation should be started when 
the available moisture in the soil drops 
below 50 per cent. Each irrigation 
should apply enough water to bring the 
available soil moisture content in the 
plants' root zone up to the 100 per cent 
level. Since · the sandy soils have a low 
water holding capacity, they have to be 
irrigated more frequently with smaller 
amounts of water than do the clay S(;)ils. 
This holds true for the shallow rooted 
crops since their soil moisture storage 
Table 5. "Feel" Test for Determining Soil Moisture 
Soil Condition 
Dry 
(no available moisture 
rem aining) 
N eeds water 
(ava ilable moisture 
less than 50% ) 
No irrigation needed 
(available m oisture 
more than 50% ) 
Feel or Appearance of Soils 
Loamy Sands 
Sandy Loams 
Dry, loose, flows 
through fingers. 
Still appears to be dry; 
will not form a ball. 
Forms weak ball , breaks 
easily, will not slick. 
Loams 
Silt Loams 
Powdery, dry, sometimes 
slightly crusted but easily 
breaks down into powdery 
condition. 
Somewhat crumbly, but 
w ill hold together from 
pressure. 
Form s a ball and is very 
pliable ; slicks readily if 
relatively high in clay. 
Ball is form ed by squeezing a handful of soil very firml y with fingers. 
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reservoir is not as great as the deeper 
rooted crops. 
Regardless of the method irrigation 
water is applied, some water will be lost 
before it can be used by the plants. This 
may be due to evaporation, to run-off, 
or to deep percolation beyond the root 
zone. Thus, some allowances for these 
losses should be made when estimating 
the total amount of water to apply. Ta-
ble 6 may be used as a guide in deter-
mining how much to apply for three 
general soil types and for various root 
zone depths. 
The feeder-root zones for plants are 
shown in Table 7. These depths are the 
depths in which the majority of the 
plant roots are found in soils that do not 
have any restricting layers. If the sub-
soil contains any layers of dense or real 
coarse material within these depths, the 
root zone will be limited and irrigation 
should be governed accordingly. 
Soil Moisture Probe 
To determine if irrigation water has 
penetrated down to the desired depth, a 
soil moisture probe can be used. The 
probe is an unpointed ½-inch steel rod, 
about four feet in length, with a cross-
piece for a handle welded on . one end. 
The probe is · easily pushed down 
through wet soil put becomes difficult 
to push down when it comes in contact 
with comparatively dry soil. Irrigation 
should be stopped before water has 
penetrated down to the desired depth. 
In most soils, water will continue to seep 
down in the soil as much as 48 hours 
after the irrigation. 
Methods of Applyi1;1:g 
There are several methods for apply-
ing water to the garden. The selection 
of any one is often based on personal 
preference. The four most common 
methods are by the use of furrows, por-
ous or soaker hose, perforated pipe or 
hose, and rotary sprinklers. 
Furrow Methods 
Unlike the other .three methods ·to be 
discussed, this method relies on the soil 
itself to distribute the water. Water is 
applied by allowing it to run downhill 
in furrows between the rows of plants. 
For this reason gentle, uniform slopes 
are necessary. Contour furrows are some 
times used on irregular slopes. 
The amount of water sent down each 
furrow will depend on the type of soil, 
on the amount of slope, and on the 
length of rows. An ideal stream is one 
that will wet the soil down to the root-
zone depth for the entire length · of the 
row with no run-off. In practically all 
cases, however, there will be either or 
Table 6. Approximate Amount of Water (in 
inches) to Apply at Each Irrigation. 
Depth of General Soil Type 
Root Zone, Sandy Silt or 
Inches Loam Loam Clay Loam 
18 l½ 2 2½ 
24 2 2½ 3 
36 3 3½ 4 
48 3½ 4 4½ 
Table 7. Rooting Depth of Crops 
Less than 18 to 24 24 to 36 
18 inches inches inches 
Lettuce cabbage sweet corn 
radishes carrots tomatoes . 
spinach cauliflower asparagus 
strawberries peas melons 
onions peppers parsnips 
beets egg plant pumpkins 
broccoli potatoes squash 
brussel sprouts beans raspberries 
celery cucumbers fruit trees 
both run-off from the lower end, or deep 
percolation at the upper end of the row. 
Lighter soils will generally require 
larger streams of water than the heavy 
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soils in order to get water down to the 
lower end of the garden. Smaller 
streams should be used on the steeper 
slopes to keep the soil from washing. A 
more uniform application is obtained 
with shorter rows. Too long a row 
causes the upper end to be over-irrigated 
if water is allowed to penetrate down to 
the desired depth in the lower end. By 
experimenting with different stream 
sizes, the hest one for a given set of con-
ditions can be obtained. 
The main advantage in using the fur-
row method is that water under pressure 
is not needed. Thus less power is used 
in pumping. This method requires less 
equipment, but uses more water than 
the other methods. Small flows of wa-
ter are usually not suitable for · furrow 
irrigation. 
Fig. 3. Irrigating potatoes with the furrow method. Siphon tubes are used 
get water into the furrows. 
Porous or Soaker Hose 
In this method, the hose is laid be-
tween the rows of vegetables and water 
is pumped into one end of the hose with 
the other closed. The water seeps 
through the porous walls of the hose 
and soaks into the ground. When suf-
ficient water has been applied at one 
location, the hose is moved to another 
row. 
Porous hose comes in canvas duck of 
various weights. It usually can be ob-
tained in 25-foot or SO-foot lengths in 
diameters of two to three inches. The 
lighter hose permits more water to flow 
through the walls of the hose. Increasing 
the pressure also increases the rate of 
application. Water should never be ap-
plied faster than it can be absorbed by 
the soil. Some experimenting will usual-
ly be necessary to get the right volume 
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and pressure of water for the length 
and porosity of the hose. 
Since porous hoses vary widely, only 
a rough estimate can be made concern-
ing the amount of water they will de-
liver. Approximately 300 gallons per 
hour will seep through 50 feet of eight-
ounce hose for pressures under 10 
pounds per square inch. 
Perforated plastic hose can be used as 
a soaker hose. In this case, the perforat-
ed hose, sometimes called a sprinkler 
hose, is turned upside down so that the 
small holes face the soil. 
While this method is satisfactory for 
small areas, it becomes fairly expensive 
when commercial hose is used. It re-
quires more work and equipment than 
sprinklers or perforated pipe. For ex-
ample, when irrigating with a SO-foot 
section of hose, an area of only 150 
square-feet is covered if the rows are 
three feet a part. A much larger area can 
be irrigated with one sprinkler or a SO-
foot section of perforated pipe. Another 
disadvantage of porous hose is that mov-
ing the hose from one location to anoth-
er is a disagreeable job. 
Perforated Pipe or Hose 
Perforated pipe distributes the water 
through a series of small holes spaced 
along the upper side of the pipe. The 
holes are located so that water is applied 
from 1.0 to 25 feet on either side of the 
pipe. · T~e operating pressure ranges 
from 4 to 30 pounds per square inch de-
pending on the length of pipe and on 
the rate of water application. Rates of 
application of from 0.6 to 2.0 inches per 
hour can be obtained with this type of 
pipe. 
The pipe is lightweight, portable, 
and easily connected and disconnected. 
Fig. 4. Irrigating tomatoes with perforated pipe. 
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It comes in lengths from 5 to 40 feet 
with 20 feet being the standard length. 
Two-inch perforated pipe is the smallest 
size available. Areas up to 200 feet in 
length can be irrigated at one setting 
with two-inch pipe. 
Table 8 is a design chart for two-inch 
perforated pipe. It shows the water and 
pressure required for 100 feet of pipe to 
Table 8. Design Chart for Two Types of 
2-inch Perforated Pipe. 
Approximate Approximate 
Application Application 
Rate-0.6 Rate-0.8 
Area Inches Per Hour Inches Per Hour 
Irrigated 
At Each Pressure Gallons Pressure Gallons 
Setting psi Per Hour psi Per Hour 
20' X 100' 7 960 4 1200 
30' X 100' 13 1380 7 1500 
40' X 100' 24 1800 12 2040 
1rngate a given width of area. Two 
types of pipe with approximate applica-
tion rates of 0.6 and 0.8 inches per hour 
are shown. 
To illustrate how Table 8 works, a 
flow of 600 gallons per hour ( 10 gpm) 
is available for irrigating a garden on a 
soil that can absorb 0.6 inches of water 
per hour. From the table, it can be seen 
that for an irrigated strip 20 feet wide, 
the 100 feet of perforated pipe that has 
an application rate of 0.6 inches per 
hour would deliver 960 gallons per hour 
at a pressure of seven pounds per square 
inch. Since only 600 gallons per hour is 
available, somewhat less than 100 feet of 
perforated pipe would have to be used. 
If 100 feet of pipe requires a flow of 
960 gallons per hour, then for a flow of 
600 gallons per hour, only 600----:-960 x 
100 or about 60 feet would be needed. 
Appr:oximately the same pressure, seven 
pounds per square inch, would be need-
ed to water a strip 20 feet wide. If more 
water were available, say 1800 gallons 
per hour, then the width of the irrigat-
ed area could be increased to 40 feet by 
increasing the pressure to 2 4 pounds per 
square inch. Water would still be ap-
plied at the approximate rate of .6 
inches per hour. · 
For irrigating smaller areas, plastic 
sprinkler hose can be used. This works 
much the same way as does the perfo-
rated pipe. A 50-foot length of hose can 
spray up to 1000 square feet of a garden 
or lawn. 
Perforated pipe generally requires 
less water pressure to operate satisfac-
torily than is needed for sprinklers. 
This method, however, is not suited to 
all soil types. Perforated pipe should not 
be used on soils with slow intake rates, 
such as the heavier-textured soils. 
Rotary Spr£nklers 
A common and excellent method of 
watering farm gardens is through the 
use of portable rotary sprinklers. 
There are many different types of 
sprinklers. The irrigation-type sprin-
kler, however, gives the best results. 
These can be mounted on a homemade 
base, . manufactured base, or on irriga-
tion pipe. (See Fig. 5.) 
The rotary irrigation sprinkler re~ 
valves at a much slower rate and applies 
water more uniformly over a larger 
area than does the common lawn sprin-
kler. In many cases, the lawn sprinkler 
applies water too fast for certain garden 
soils. On the other hand, the irrigation 
sprinkler can be obtained to meet a wide 
variety of conditions. 
When used for gardens, the irrigation 
sprinklers usually selected discharge 
from 180 to 480 gallons per hour ( three 
to eight gallons per minute) under pres-
sures of from 20 to 30 pounds per square 
inch. These sprinklers will cover an 
area of about 70 to 80 feet in diameter. 
There are other irrigation sprinklers, 
called low angle or undertree sprinklers, 
that apply water over .a smaller area. As 
its name suggests, these sprinklers are 
usually used for irrigating orchards. 
In some instances, it may be desirable 
• 
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to irrigate only part of a circle to avoid 
wetting buildings, roads, or the like. 
Part-circle sprinklers can be adjusted to 
irrigate any part of a circle. Another 
type of irrigation sprinkler is one which 
can operate on pressures from three to 
15 pounds per square inch. These low-
pressure sprinklers discharge from 100 
to 450 gallons per hour and wet areas 
from 20 to 45 feet in diameter. Under 
certain conditions, pumping may not be 
necessary. This type of sprinkler can be 
used to irrigate • fruit trees and small 
areas. 
Rate of Application 
In selecting a rotary sprinkler, the 
rate of application is the first considera-
tion. The sprinkler should apply water 
at such rates that the soil can absorb the 
water without runoff at anytime during 
the irrigation. Soils that are compara-
tively dry can take water very fas t at the 
start of an irrigation. As the water is ap-
plied, the rate at which the soil can ab-
sorb water without allowing any runoff 
decreases. As a general guide, the heavy-
textured ( silt and clay) soils will take 
about ¼ to ½ inches of water per hour, 
medium ( loam) soils about ½ to ¾ 
inches per hour, and light (sandy) soils 
from ¾ to 1, and possibly more, inches 
per hour. The condition of the soil, its 
organic. matter content, and the vegeta-
tive cover. are some of the main factors 
that will influence the intake rate of a 
soil. 
Various combinations of sprinkler 
capacities and spacings can be used to 
Fig. 5. Various ways of mounting an irrigation sprinkler: right, part-circle sprinkler 
on a homemade base; in hand, standard sprinkler on a manufactured base; center, 
low pressure sprinkler on a manufactured base; left, standard sprinkler on 
irrigation pipe. 
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obtain the desired rate of water appli~a-
tion. Spacing means the distance be-
tween sprinklers in a line and the dis-
tance the line is moved to the next 
setting. 
Proper spacing is important in getting 
uniform distribution of the applied wa-
ter. Wetted areas from each sprinkler 
should overlap since an irrigation sprin-
kler discharges more water closer to the 
center of the circle. Sprinklers should be 
spaced no more than one-half the diam-
eter of the wetted area. For most 
sprinklers used to irrigate gardens, this 
means that the maximum spacing of 
sprinklers in any direction should be 
about 40 feet. 
Spacing Lines 
When a line of sprinklers is used, the 
distance between sprinklers in the line is 
usually 20 or 30 feet, depending upon 
the length of pipe used. Thus, the maxi-
mum sprinkler spacing would be 20' X 
40' or 30' x 40'. If the sprinkler is at-
tached to the end of a garden hose, the 
spacing is generaly in a square pattern. 
commonly 30' x 30' or 40' x 40'. Table 9 
gives the rates of water application for 
different s pr i n k 1 er capacities and 
spacings. 
The rate of flow through an irrigation 
sprinkler will depend on the size of the 
nozzle and on the pressure at the sprin-
klers. In farm water systems, most 
pumps are set to stop when pressure in 
the tank exceeds 40 pounds per square 
inch. Since it is desirable for the pump 
to run continuously when watering a 
Table 10. Discharge in Gallons per Hour 
1'hrnugh Sprinkler Nozzles 
Pressure 
(Lbs. Diameter 
Per of 1/ 8- 5/ 32- 3/16- 7/ 32-
Square Coverage* Inch Inch Inch Inch 
Inch) (feet) Nozzle Nozzle Nozzle Nozzle 
20 74 115 180 255 345 
25 77 130 205 290 390 
30 78 145 225 320 430 
35 80 160 245 350 465 
40 81 170 265 375 495 
45 82 180 280 400 525 
50 83 190 295 420 555 
•Average for a ll nozzles. 
garden, the pressure at the pump should 
be less than 40 pounds per square inch. 
The pressure at the pump will equal the 
pressure at the sprinkler, plus the p'res-
sure lost in the water lines and the pres-
sure required to overcome any raise in 
elevation from the pump to the sprin-
kler. Thus, to be on the safe side, a 
sprinkler should be selected to operate at 
a pressure of 30 pounds per square inch 
or less when pressure tank systems are 
. used to supply the water. Inasmuch as 
pipe or hose sizes are selected so that the 
maximum friction ioss is five pounds 
per square · inch, the operating pressure 
at the pump will be less than 40 pounds 
per square inch. 
Another factor to consider in keeping 
the pump running continuously is that 
approximately the pump's full capacity 
should be used when watering the gar-
den. In some instances, therefore, it may 
be necessary to use more than one sprin-
kler so that their total capacity is about 
equal to the pump capacity. The quanti-
Table 9. Rates of Water Application in Inches per Hour for 
Various Sprinkler Capacities and Spacings. 
Spacing, Feet 120 180 
20 X 20 0.48 0.72 
20 X 30 ----------------- .32 .48 
20 X 40 -------------------- .24 .3 6 
30 X 30 ----------------- -- .32 
30 X 40 ------------------ .24 
40 X 40 ---------------- ----
Sprinkler Capacity in Gallons Per Hour 
240 300 360 420 480 
0.96 1.20 1.44 
.64 .80 .96 1.10 1.28 
.48 .60 .72 .84 .96 
.43 .54 .64 .75 .86 
.32 .40 .48 .56 .64 
.24 .30 .36 .42 .48 
540 
1.45 
1.10 
.96 
.72 
.54 
600 
1.20 
1.07 
.80 
.60 
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ties of water discharged through sprin-
kler nozzles under different pressures 
are shown in Table 10. 
Choosing a Sprinkler 
As an example in choosing a sprin-
kler, let us assume that a flow of 360 
gallons per hour is available for irrigat-
ing a garden. The soil, a silt loam, has 
an intake rate of one-half inch of water 
per hour. A good selection would be one 
sprinkler with a 7 / 32-inch nozzle oper-
ating at a pressure of a little more than 
20 pounds pef square inch. Other 
choices, equally as good, might be three 
sprinklers with ½ -inch nozzles, or two 
sprinklers with 5 / 32-inch nozzles. In all 
cases the operating pressure at the sprin-
klers would be about 20 pounds per 
square inch. Allowing a pressure drop 
due to friction through the pipe or hose 
of five pounds per square inch, the 
pump would run continuously when the 
garden was being watered. Another 
choice might have been one sprinkler 
with a 3/ 16-inch nozzle operating at a 
pressure of 35 pounds per square inch. 
The total pressure, including the pres-
sure lost in the pipe or hose, would be 
around 40 pounds per square inch. This, 
however, is too close to the pumps shut-
off pressure to keep the pump running 
continuously. 
Three Choices 
In review, then, there are three 
choices in selecting a sprinkler for a 
360 gallon-per-hour water supply. The 
operating conditions and the sprinkler 
spacings for a one-half inch per hour ap-
plication rate would be as follows: 
No. of Nozzle Sprinkler Sprinkler 
Sprinklers Size Pressure Spacing 
1 7/ 32" 22 psi 30'x40' 
2 5/ 32" 20 psi 20'x30' 
3 ½ " 22 psi 20'x20' 
Regardless of which choice is made, 
the area ·covered by one setting of the 
sprinklers would be the same, around 
1200 square feet. 
For irrigating larger areas such as 
might be encountered in commercial 
gardens or nurseries, the use of portable, 
light-weight sprinkler irrigation pipe 
may be justified. This pipe is similar to 
the perforated pipe described previously 
except that there are means for attach-
ing sprinklers to the pipe rather than 
the pipe having a series of small holes. 
Two-inch pipe, the smallest available 
size, will handle up to 16-240 gallon-
per-hour sprinklers or 12-300 gallon-
per-hour sprinklers spaced 20 feet 
apart in the line. 
Planning the Systetn 
There are two groups of systems used 
to water farm gardens. One consists of 
using the present farm water system, 
while the other uses a separate watering 
system for the garden. In one case, the 
problem is mainly in determining to 
what extent the present pumping equip-
ment can be used for irrigating a gar-
den. Where a separate system is being 
planned, it is necessary to know the size 
and type needed before the equipment 
can be selected. The principles for se-
lecting pumping equipment will, how-
ever, apply to both cases. In addition to 
pumping equipment, planning the 
small irrigation system concerns itself 
with getting water to the garden and in 
selecting the method to apply water. 
Pumping Equipment 
When a farm water system is used to 
irrigate a garden, the watering equip-
ment should be planned so that the 
pump will run continuously. This will 
cause less wear and tear on the equip-
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Fig. 6. A centrifugal pumping unit used to deliver water from sand points. 
ment and less power will be consumed. 
Most of the pumps on farm water sys-
tems are set so that they will stop when 
the pressure reaches 40 pounds per 
square inch. To keep the pump running 
continuously requires ( 1) selection of 
proper pipe sizes and (2) using the right 
number of sprinklers or other outlets 
with the right capacities. 
For example, assume that a pump will 
put out 500 gallons per hour at a pres-
sure of 30 pounds per square inch. 
Again, assume that the pressure lost in 
overcoming friction in the water sup-
ply lines ( a combination of pipe and 
hose) is eight pounds per square inch. 
The garden watering· equipment, then, 
should be selected so that it will apply a 
total of 500 gallons per hour at a pres-
sure of 30 minus 8, or, 22 pounds per 
square inch. To keep the pump running 
continuously, the full capacity of the 
pump should be put on the garden 
when the pressure at the pump is below 
the shut-off pressure. 
Selecting a Pump 
In selecting a pump for wateri'ng a 
garden, there are several types that can 
be used. A centrifugal pump is most 
popular for pumping from a surface 
water supply such as a stream or pond. 
This pump is recommended where the 
suction lift does not exceed 15-feet. Thus, 
a centrifugal pump can also be used to 
lift water from a shallow well or from a 
sand-point where the water table is 
within 15 feet of the surface. Piston and 
jet pumps are common types and can 
be used to pump from both shallow and 
deep wells. For more detailed informa-
tion on domestic water systems see Ex-
tension Circular 446. 
To properly select a pump, the re-
quired discharge (gallons per hour) 
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and the pressure (pounds per square 
inch) need to be known. Where the 
pump is not directly connected to the 
power unit, the speed of the pump bears 
consideration. Any reputable dealer can 
suggest the proper pumping equipment 
to use. 
Selection Example 
The following example will illustrate 
the method for selecting pumping 
equip11,1ent which will be used to irri-
gate a garden: • 
Discharge through sprinklers __ 600 gph 
Pressure at sprinkler ______________________ 25 psi 
Pressure drop through supply 
lines _____________ ____ 5 psi 
Suction lift -------~---------------------------- 10 feet 
Raise in elevation from pump 
to garden ---------------------------------- 13 feet 
Since the suction lift is only 10 feet, a 
centrifugal pump can be used. To find 
the total pressure, the equivalent pres-
sure for the suction lift and raise in ele-
vation should be added to the pressure 
at the sprinkler and the pressure drop 
due to friction. One pound per square 
inch of pressure is equal to 2.3 feet lift 
or head. Since the suction lift and raise 
in elevation totals 23 feet, an additional 
pressure of 10 pounds per square inch is 
needed to overcome this. So, the pump 
will have to discharge 600 gallons per 
hour against a total pressure of 25 + 5 + 10, or 40 pounds per square inch. To 
estimate the power required, the pump 
efficiency is needed. This can be ob-
tained from the manufacturer. For 
small centrifugal pumps, the efficiency 
is rather low usually between 30 and 50 
per cent. The power required to operate 
a pump can be estimated from the fol-
lowing formula: 
GPH x Pressure 
Hp= 
100,000 x pump efficiency 
In this case for a pump efficiency of 
40 per cent, 
Hp = 
600 X 40 
100,000 X .40 
= 0.6 
A ¾-hp. motor, then, would be need-
ed to deliver 600 gallons per hour 
against a pressure of 40 pounds per 
square ipch. If a gasoline engine is to 
be used instead of an electric motor, its 
rating should be about 50 to 60 per cent 
greater than the horsepower require-
ment. For example, 60 per cent of .6 is 
.36 horsepower. Add .36 to .6 and the 
engine rating should be around one 
horsepower. 
Water Supply Lines 
In getting water to the garden, pipe 
or hose is commonly used. Due to the 
comparatively high friction loss in ordi-
nary garden hose, it should not be used 
to carry water for any great lengths. For 
pipe sizes under two inches in .diameter, 
galvanized steel pipe or plastic pipe tend 
to be more economical in conveying 
water to a garden. 
In recent years, the use of flexible plas-
tic pipe in farm water systems has be-
come very popular. Plastic pipe comes in 
the same internal diameters as does steel 
pipe. Its principal advantages over steel 
pipe are its flexibility, lighter weight, 
grea~er corrosion resistance, and lower 
pressure loss due to friction. Like steel 
pipe, it can be buried underground. Un-
like steel pipe, however, no provisions 
for draining the pipe each fall are 
needed. 
Various Weights 
Plastic pipe comes in various weights 
depending upon its safe working pres-
sures. Standard weight plastic pipe has a 
safe working pressure of around 125 
pounds per square inch for ½-inch pipe 
and around 50 pounds per square inch 
for 2-inch pipe. The extra heavy pipe is 
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Chart 1. Selecting Steel Pipe Sizes 
usually rated at 75, 100, or 125 pounds 
per square inch working pressure. 
Steel pipe is generally less expensive 
than any weight of plastic pipe. It is 
much cheaper than the extra heavy plas-
tice pipe above one inch. For pipe sizes 
two inches or larger, aluminum - pipe 
with quick couplers may prove to be 
desirable as well as more economical 
To increase the flexibility of a small 
irrigation system, garden hose can ~e 
used to connect the main supply line to 
the sprinklers. The moving of the sprin-
klers then can be adjusted to better fit 
the shape of the garden. 
Charts 1 and 2 can be used to select 
the proper size of steel and plastic pipe 
for carrying water from the pump to the 
garden. These tables are based on a. 
maximum allowable pressure drop in 
overcoming friction of five pounds per 
square inch. The loss of pressure in gar-
den hose for different rates of flow and 
sizes can be estimated from Table 1 L 
Inasmuch as internal diameters, degree 
of smoothness, and type of fittings may 
differ with each manufacturer, the ac-
tual pressure losses in the hose may vary 
considerably with those shown in the-
table. 
Irrigating Fruits and Vegetables 
Table 11. Friction Loss, in Pounds per Square Inch, for Each 50 Feet of Garden Hose 
PUMP 
CAPACITY.. 
Gallons 
Flow, 
Gallons Size of Garden Hose 
per Hour 7 /16-inch ½-inch ¼-inch ¾-inch I-inch 
100 -------------- 4.5 2.0 0.7 0.3 
150 -------------- 9.5 4.3 1.5 .7 
200 ------------- 16.0 7 .5 2.6 1.1 0.3 
250 -------------- 23.4 11.0 3.9 1.7 .4 
300 -------------- 33 .0 15.5 5.5 2.4 .6 
350 20.5 7.4 3 .2 .7 
400 25.5 9.2 4.0 .9 
450 30.8 11.5 5.0 1.2 
500 14.0 6.1 1.4 
550 16 .-7 7.3 1.7 
600 19.8 8.8 2.0 
LENGTH OF PIPE IN FEET 
19 
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Chart 2. Selecting Flexible Plastic Pipe Sizes 
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Irrigated GardenLayout 
A one-half acre garden should pro-
duce all the· vegetables and small fruits 
a large family can use during the year 
for canning, freezing, storing, and im-
mediate use. A plan for this garden, 100 
x 200 feet, is shown in Fig. 7. The crops 
are arranged according to their root 
depths for ease in irrigation. 
Two plans for irrigating this garden 
are illustrated in Fig. 8 ( sprinkler lay-
out) and Fig. -9 ( perforated pipe lay-
out). 
200 feet 
1. Leaf lettuce - Radish - Onions 
2. Strawberries 
3. Stawberries 
4. Celery - Spinach 
5. Beets 
6. Broccoli - Brussel Sprout - Cauliflower 
7. Car rots 
8. Early Potatoes 
9 . Potatoes 
10. Potatoes 
11. Pota toes 
12. Peas 
13. Peas 
14. Parsnips - Turnips 
15. Cabbage - H ead Lettuce 
16. Peppers - Eggplant - Lim a Beans 
17. Green Bean s 
18. Green Beans 
19 . Green Beans 
20. Sweet Corn 
21. Sweet Corn 
22. Sweet Corn 
23. Sweet Corn 
24. Cucumbers - Melons - Squashes 
25. Tom atoes 
26. Tom atoes 
27 . Rhubarb - H orseradish - H erbs 
28. Asparagus 
29. Raspberries 
30. Raspberries 
'Direction of Irrigation 
(All rows are spaced 3 feet apart, 
except tom atoes, 4 fee t, and vine 
crops, 6 fee t. ) 
Fig.7. A half-acre garden layout for used with an irrigation system. 
Fertilizing the Garden 
The application of water to a garden 
does not necessarily mean that a high 
yielding garden will ·result. Most often, 
irrigated gardens require additional fer-
tilizers. In order to supply the plants 
with nutrients and improve the texture 
and structure of the soil, it is best to ap-
ply organic fertilizers such as well-root-
ed manure or compost material. This ap-
plied at rates of 15-20 tons per acre will 
supply the soil with suitable ingredients. 
Commercial Fertilizers 
In some cases, commercial fertilizers 
may be used to advantage. In cases 
where organic fertilizers are not easily 
obtained, one has to use larger quanti-
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Fig. 9. A suggested layout for using perforated pipe. 
ties of commercial inorganic fertilizers. 
The .quantity of fertilizer to. use de-
pends on the natural fertility of the soil, 
the amounts of manure and fertilizer 
used in recent years, and the crops being 
grown. Tomatoes and beans for exam-
ple, normally require moderate amounts 
of fertilizer, especially nitrogen, where-
as onions, celery, lettuce, the root crops, 
and potatoes respond profitably to rela-
tively large applications. In some cases, 
22 South Dakota Extension Circular 526 
'I". 
Fig. 10. A method of applying fertilizer through an irrigation system 
where a centrifugal pump is used. 
200 pounds of commercial fertilizer per 
acre may be sufficient, where as, in other 
cases as much as 600-800 pounds per 
acre can be used to advantage. 
Heavy yields of top quality vegetables 
cannot be obtained without an abund-
ance of available plant food in the soil. 
Fertilizer experiments conducted at 
Brookings, Sisseton, and Spearfish, to 
compare the effect of applications of 
manure, 4-12-4 commercial fertilizer, a 
combination of both, and no treatment 
on the yields of tomatoes, show that the 
greatest response in yield increase was 
in the use of both manure and 4-12-4 
treatment under dry or irrigated con-
ditions. 
Increase In Cabbage 
Tests have shown that the application 
of manure at the rate of 20 pounds per 
acre, greatly increased the yield of Gold-
en Acre cabbage. Also, side-dressing of 
early ·cabbage with 4-12-4 commercial 
fertilizer at the rate of two pounds per 
100 feet increased the early yield as com-
pared to plots not side-dressed. 
Results on the use of fertilizers on 
Latham raspberries show that the plots 
receiving an application of 4-12-4 ferti-
lizer (2 lbs. per 50 ft. row) gave a 37 
per cent increase in yield over the unfer-
tilized plots. 
Naturally, it should be repeated, that 
the quantity of fertilizers required de-
pends on the fertility of the soil, and the 
crops being grown. As soils differ great-
ly in their composition, the use of ferti-
lizer is usually determined by each 
grower for his own conditions. In gen-
eral, it is best to establish the fertility of 
a soil by having it tested before a plant-
ing of any crop is made. 
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Applying by Sprinklers 
There are several methods in which 
fertilizers may be applied through sprin-
kler irrigation systems. In general, there 
is a saving of labor since both the irriga-
tion and fertilization can be accom-
plished in one operation. Also, the fer-
tilizer is applied evenly throughout the 
area to be covered. 
Figure 10 .illustrates a method for ap-
plying fertilizer through a sprinkler 
system when a centrifugal pump is used. 
By tapping in on the discharge side of 
the pump, water is led to a barrel to 
which the fertilizer is added. The ferti-
lizer solution is then drawn in through 
a line connected to the suction side of 
the pump. 
Commercial Applicators 
Commercial fertilizer applicators are 
available which inject the fertilizer di-
rectly into the main line. These appli-
cators can be obtained for use with gar-
den hose or with irrigation pipe. 
Of the three major plant nutrients 
( nitrogen, phosphorous, and potas-
sium), nitrogen is best adapted to appli-
cation through irrigation water. Gener-
ally, phosphorous and potash fertilizers 
should be applied at planting time. On 
the other hand, nitrogen is easily 
leached out of the soil or used up by soil 
organisms. Thus, the most economical 
time to apply nitrogen is at the time it is 
most needed. This is usually in midsea-
son when the plants are making rapid 
growth and are often in need of addi-
tional water. 
Nitrogen Salts 
The common nitrogen salts, ammo-
nium nitrate, ammonium sulfate, and 
sodium nitrate, as well as the liquid fer-
tilizers which do not contain free am-
monia can be applied through sprinkler 
irrigation systems. The fertilizer should 
be applied at the end of irrigation run 
so that it is placed in that part of the · 
soil which-contains the bulk of the plant 
roots. Enough time, however, should be 
allowed to wash the fertilizer off the 
plants and to flush out the equipment. 
Diseases, Weeds, Insects 
Among the most important ·disease-
control measures are the use of disease-
free seeds and plants, seed treatment 
with fungicides, and the use of disease-
resistant varieties. Great progress has 
been made in the development of dis-
ease-resistant varieties. 
Preventive measures are best in the 
case of insects. These measures vary for 
each crop such as materials and the 
proper time to apply. 
The control of weeds, usually means 
a successful garden. There a~e many 
ways of ridding the garden area of 
weeds. The use of chemicals to control 
weeds in certain crops is an established 
practice with commercial growers. This 
is feasible where the acreages of one 
crop is large. However, in the home 
garden, which contains many crops, the 
use of chemical weed killers is not gen-
erally recommended. Some hand worl: 
is usually necessary around individual 
plants. Weeding should never be de-
layed until it becomes necessary to dis-
turb the roots of the crop plant in order 
to eliminate the weeds. 
Bulletins dealing with the diseases, 
insects and weeds that trouble garden 
crops are available from your County 
Extension Agent. Since it is necessary to 
fight these pests promptly, you should 
have this information on hand when the 
troubles first appear. 
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